Abstract. The adiabatic charge transport was theoretically studied in a Y-shaped zigzag graphene nanoribbon (ZGNR) junction with three time-dependent pumping potentials. By employing the Keldysh Green's function method, we found that a non-zero charge current can be pumped out in the device at a zero external bias owing to the single photon-assisted tunneling process. The pumped charge and its direction can be easily and efficently modulated by the quantum pump parameters such as the pumping frequency, the pumping phase, and the Fermi level. The Y-shaped spatial structure was also found to have little influence on the pumped current when the two pumping potentials are considered equal, which is similar to the two-terminal straight ZGNR charge pump. Our findings might be helpful to control the electrons in graphene pumping devices.
Introduction
Graphene, a single layer of carbon atoms tightly packed into a honeycomb crystal lattice, has received much interests in scientific community due to its unique transport properties [1] [2] , such as a linear dispersion described by low-energy Dirac fermion, long coherent length, high mobility, weak spin-orbit coupling and gate-tunable transport at room temperature, so graphene is an outstanding material for future electronics. Since graphene is a gapless semi-metal, it's difficult to modulate the quasi-particles in the vicinity of the Dirac zero point for the Klein paradox, which may hinder the fabrication of high-performance graphene devices. One of solutions is to use graphene nanoribbons. The transport properties of graphene nanoribbons are crucially rely on whether they have zigzag or armchair edge. Numerical calculations [3] predicted that ZGNR is always metallic, while armchair graphene nanoribbon can be either metallic or semiconducting, depending on its width.
Recently, graphene quantum pumps have been intensively researched to generate nonzero currents at a zero external bias [4] [5] . For example, Cheraghchi [4] reported a non-adiabatic pure spin pump based on ZGNRs with ferromagnetism proximity. Very recently, Islam et al. [5] proposed an adiabatic quantum pump to generate a pure spin current by the effect of twisting a single-molecule magnet embedded in a monolayer graphene, and predicted that the pumped current can be easily and exclusively controlled by the magnetization.
The previous works on graphene quantum pump were mainly focused on the pumped current tuned by an appropriate periodical variation of the system parameters. In this paper, we reveal whether the pumped charge current is influenced by the interplay between the pumping parameter and the spatial structure in a three terminal Y-shaped ZGNR junction.
Model and Formulae
A Y-shaped ZGNR quantum pump is schematically shown in Fig.1 where the first and the second terms represent the whole ZGNRs without the pumping potentials. The average spin-dependent current of the left ZGNR lead can be obtained by the Heisenberg equation of motion and the non-equilibrium Green's function method [6] , which can be written as
where e is the electron's charge and  is the Planck's constant.
) are the retarded, advanced, lesser Green's functions (self-energy terms) of the device. The notation Tr means the sum of all transverse sites of the left interface of the C region. To calculate the above Eq. (2), we use the single photon-assisted tunneling approximation, and consider the time-dependent pumping potential with a finite frequency as a perturbation term [7] . Following the method of Ref. [8] , we obtain the average spin-dependent currents of the left ZGNR lead in Eq. (2)
where
is the spectral function with the subscript ij summation of all the transverse sites of the three pumping regions in the C region. The line-width function is defined
, which can be evaluated by the recursive Green's function method [8] .  is the retarded (advanced) Green's function of the C region in the absence of the pumping potentials, which can be calculated out by the direct matrix inversion   , the pumped current reaches its maximum value, which is similar to the charge pump in a two terminal straight ZGNR junction [8] .
The pumped charge current versus the pumping frequency  for different Fermi level F E is presented in figure 4 . When 1   , no matter how the Fermi energy changes, the pumped current L I is approximately a linear function of the pumping frequency, which is an important characteristic of the double-parameter quantum pump in a two-terminal ZGNR junction [10] .
Summary
In this work, we have investigated the adiabatic pumped currents induced by three asymmetric time-dependent pumping potential fields in a Y-shaped ZGNR junction. It is shown that the pumped current and its orientation can be easily modulated by the system parameter such as pumping frequency, pumping phase, Fermi level. The numerical results also demonstrated that when the two pumping potentials are equal, the Y-shaped ZGNR structure has little influence on the pumped current, which has similar transport phenomena as the two-terminal ZGNR pump.
